For the purposes of this symposium in vitro techniques for the evaluation of ruminant feeds are defined as laboratory methods in which the availability of nutrients in the feed to the digestive process in the ruminant animal is estimated by the incubation of the feed with micrwrganisms or semi-purified enzyme preparations, or both. Ewart (1974) reviewed for the Society recent developments in continuous in vitro rumen systems which are characterized by the continuous or intermittent removal of the products of fermentation and the feed residues. In batch in vitro systems, in contrast, there is no attempt to remove the feed residues and non-gaseous products of fermentation. In this review only batch in vitro methods will be examined as laboratory procedures for the estimation of the digestible (DE) or metabolizable (ME) energy contents of feeds and the metabolizable protein made available by diets.
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and, secondly, that estimates of cell wall availability alone cannot be expected to predict DM or organic matter (OM) digestibility, which are the summation of the apparently digested cell contents and the truly digested cell walls (Osbourn, Cammell, Terry & Outen, 1975) . This variation in the proportion of the apparently digested organic matter arising from cell walls severely limits the usefulness of chemical determinations such as acid detergent fibre and lignin or single stage in vitro procedures as methods for predicting digestibility. A second stage using a solvent or enzyme to solubilize protein is invariably required in addition to an estimate of cell wall degradation. Partition of the cell wall fraction. The lack of nutritional uniformity in the cell wall fraction has led to attempts to isolate nutritionally uniform fractions within this complex using in vitro rate of digestion studies as the exploratory tool (Smith, Goering & Alexander, 
1969; Minson
The method was originally calibrated against in vivo determinations made on 148 frozen grasses and legumes given to mature wether sheep at restricted levels of feeding (Tilley & Terry, 1963 ) when the following relationship was obtained:
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More recently the method was calibrated against 46 grasses and legumes using mature sheep fed at a maintenance level (Terry, Osbourn, Cammell & In the same study it was shown that the energy value of the organic matter digested was linearly related to crude protein (Nx6.25) and that in consequence the digested energy (DE, MJ/kg DM) was most accurately predicted from a multiple regression relating DE to D vit and the crude protein content (CP) of the herbage. 
Methods for evaluating feeds for large fama animals
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been widely used to evaluate varieties of grasses, legumes and brassicae (Dent, 1963) and in the selection of improved grass varieties (Cooper, Tilley, Raymond & Terry, 1962; Burton, Hart & Lowney, 1967) . Finally, the method has often been used to estimate the digestibility of feed samples in vivo where levels of feeding or the physical processing of the forage have caused increased rates of passage and depressions in the digestion in vivo. Thus the method cannot be used alone to estimate the digestibility in vivo of processed forages (Osbourn, Terry, Outen & Camrnell, 1976) , nor can it be used with any accuracy to predict the actual digestibility if this is depressed by level of feeding. This is particularly true when attempts are made to estimate the intake of grazing animals on the basis of the indigestibility of samples of herbage ingested. (1973, 1975 ) have used incubations with pepsin followed by cellulase to reduce dependence upon rumen liquor and to shorten the method. In our examination of this method we found it as accurate as the standard two stage method on grasses but less accurate on legumes ( Table I) .
Cellulase preparations in their current forms digest much less of the cell walls of grasses than does the mixed microbial inoculation of rumen liquor used in vitro.
Their specificity seems to make them less effective in the solubilization of the cell walls of legumes.
In vitro procedures and the estimation of the metabolizable protein in diets
Miller (1973) proposed a scheme for the evaluation of the contribution of a feedstuff to the microbial and dietary protein absorbed from diet in the small intestine of ruminants. In this scheme microbial protein synthesis, given adequate fermentable N, would be estimated as 1.68 g N=1.03 g absorbed amino acid N/MJ at https://www.cambridge.org/core/terms. https://doi.org/10.1079/PNS19770036 Smith, 1976 ) and the water soluble carbohydrates of forages are entirely fermented in the rumen, while 90% of the digestible cellulose and 7~8 0 % of the digested hemicellulose are fermented in the rumen on long forage diets. Thus it may be necessary to determine the separate carbohydrate fractions and their retention time in the rumen to accurately estimate the OM fermented in the rumen.
Hendrickx & Martin (1967) used the release of ammonia in vitro as a measure of proteolysis and related this to the solubility of proteins in rumen liquor.
Under specific conditions correlations have been demonstrated between measures of protein solubility and the total flow of N into the small intestine (Beever, Thomson & Cammell, 1976) and N retention (Preston, Whitelaw & McLeod, 1963) . However, in our own studies the proportion of dietary protein degraded in the rumen was poorly correlated with simple enzymic or chemical tests of solubility (R. C. Siddons, unpublished results).
The technical difficulty of separating the undigested dietary protein from microbial protein using in vitro methods and known effects of level of feeding on the degradation of dietary protein make it doubtful if a simple batch in vitro procedure used in conjunction with a marker can be used to solve this problem.
conclusions
In vitro methods occupy an uneasy position between the generally fallible chemical methods and direct animal estimates of the nutritive value of feeds for ruminants. Despite the lower errors of prediction of in vivo digestion in vitro methods are generally too slow and costly for routine commercial evaluations. The use of cellulase preparations seems likely to replace rumen liquor in research and grass selection programmes, but would be increased if less specific preparations could be found.
The future development of in vitro methods seems likely to be towards the investigation of the intrinsic variations in the rate of digestion or potential digestibility of the cell wall and protein fraction of feeds unless physic0 chemical methods of analysis can provide the basis for isolating nutritionally uniform fractions within these two constituents of feeds.
